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This invention relates to oscillators, densitometers and 
altimeters. 

It is an object of this invention to provide an oscil 
lator of simple construction. 

It is a further object of this invention to provide an 
oscillator comprising essentially an oscillatory ion chan 
ber. 

It is an additional object of this invention to provide a 
densitometer wherein the density transducer comprises an 
oscillatory ion chamber. 

It is another object of this invention to provide an 
altimeter covering an altitude range not measurable by 
portable instruments now known to the art, i.e. the range 
of 70,000 to 250,000 feet. 
The foregoing and further objects of the invention will 

become apparent, and the invention will be more fully 
understood, by reference to the following specification 
describing a selected embodiment of this invention as ill 
lustrated in the accompanying drawings wherein: 

FIG. 1 is a diagrammatic representation of one form of 
oscillatory ion chamber and the accompanying electrical 
circuit; and 

FIG. 2 is a diagrammatic representation of the current 
and voltage wave shapes and their phase relations. 

Structure 

In the selected embodiment of this invention, an oscilla 
tor is constructed in the form of an ion chamber . As 
illustrated, the ion chamber 1 comprises a cylindrical 
casing 2, having a length of 4' and a diameter of 3', 
provided with end walls 3, 4. There are arranged within 
the cylindrical casing a negative electrode 5 and a posi 
tive electrode 6. 
The negative electrode 5 is formed of a polished steel 

ball bearing having a diameter of % of an inch. This 
steel ball 5, is mounted on and supported by a conductor 
7 which extends outwardly through an insulator 8 se 
cured in an opening in the end wall 3 of the chamber. 
The positive electrode 6 is formed of a highly polished 

concave metal disk having a diameter of 2' and a radius 
of curvature of 6'. The positive electrode is spaced a 
distance of 0.1 inch from the negative electrode 5 at 
the closest point. The electrode 6 is mounted upon and 
supported by a conductor 9. This conductor 9 is elec 
trically connected to and supported by the end Wall 4 
of the ion chamber by means of a screw 10. 
A source of direct current is impressed across the elec 

trodes 5 and 6. As illustrated, these means comprise a 
high voltage source 1 regulated at approximately 1,000 
volts which is connected across the electrodes 5 and 6 in 
series with a resistance 12 of approximately 10 megohms. 
A capacitor 13 of approximately .0005 microfarad is 

connected across the electrodes 5 and 6. 
This circuit thus described is oscillatory under the con 

ditions later described in this specification. The A.C. 
output of the oscillatory circuit is fed through a blocking 
capacitor 14 to a frequency measuring means 15, such 
as a digital computer. 

For certain purposes, the ion chamber 1 should be pro 
vided with means for supplying ionizing means, such as 
alpha particles to the region between the electrodes 5 
and 6. As illustrated, these means include a tubular ex 
tension 16 arranged outwardly from the cylindrical casing 
2 so that the axis of the extension 16 intersects the re 
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gion lying between the two electrodes 5 and 6. The 
outer end of the extension 16 is closed by an end cap 
17 and a source of alpha particles such as a radioactive 
foil i8 containing, for example, radium 226, is carried 
upon the inner face of the end cap 17. 

Operation 
The ion chamber 1 is now filled with an atmosphere 

representing a density equal to the density of the atmos 
phere in the range of 70,000 feet to 250,000 feet. If 
the components are selected as described above, the illus 
trative device oscillates with a current wave shape in the 
form of pulses having a steep front and an exponential 
decay and with a sawtooth type voltage wave shape. The 
Wave shapes and their phase relations are illustrated in 
FG, 2. 
The oscillator produces an audio tone varying from 

Zero frequency up to about 20,000 cycles per second, 
depending upon the conditions hereinafter pointed out. 
The A.C. output of the oscillator varies from approxi 
mately 200 volts at high densities to about 20 volts at low 
densities. 
These characteristics of the oscillator give it a utility 

in obtaining digital output information (i.e. frequency) 
from an analogue variable (e.g. density). These char 
acteristics are illustrated in two exemplar modes of opera 
tion described below. 

If density within the chamber is maintained at a con 
stant value, then the frequency varies inversely in re 
lation to the value of the capacitance of the circuit (e.g. 
the value of the capacitance 13 plus the distributed ca 
pacity of the circuit and of the chamber) and to the value 
of the resistor 12 and varies directly with the current 
flow through the ion chamber. 
The equation for the operation of the instrument for 

the condition of constant pressure or density thus de 
scribed is as follows: 

KXI 
RO 

R represents the series resistance; C the total capacil 
tance of the circuit; I the current; and K1 an approximate 
Constalt. 

If the current through the device is made constant 
the device then oscillates at frequencies inversely pro 
portional to the logarithm of the density of the atmos 
phere within the device. This makes the device ex 
tremely useful in measuring density or density altitude. 
When so used, an opening or gaseous connection 19 is 
provided in the device so that the atmosphere within the 
device is the same as the atmosphere undergoing measure 
ment. With constant current supplied to the device, the 
equation turns out to be: 

Frequency = 

RC. 

In making tests with the illustrative device, we have 
found it to be operable in the range of 57 mm. of Hg. 
to .02 mm. of Hg. According to available data, we have 
computed the log density to be equivalent to changes of 
density altitude equal to the range from 70,000 to 250,000 
feet. 

This gives the device unusual utility as an altimeter. 
The reason for this is that suitable portable instruments 
are now available for effectively measuring altitude from 
ground level up to 80,000 feet such as, for example, 
aneroid diaphragms, bellows and Bourdon tube barometric 
type altimeters. Suitable portable instruments are also 
available for measuring altitudes above 200,000 feet, such 
as, for example, the Philips and the Pirani gauges. How 
ever, heretofore there has been no practical portable in 
strument known to applicants capable of measuring alti 
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tudes throughout the range covered by the instant inven 
tion, to wit: 70,000 to 250,000 feet. 

Operational and Structural Details 
Applicants have found it essential to operate the device 

both in the gaseous amplification region and in the ex 
tended negative resistance region. 
As is well known in the art of ion chamber devices, the 

usual operating region is usually termed the Saturation 
region. Above this region, there occurs a gaseous ampli 
fication region. In the gaseous amplification region, the 
device has a current multiplication value as high as 10 
times the value in the saturation region. 
The extended negative resistance region is that operat 

ing region which is known in the art as the Sub-normal 
glow region. In the illustrative embodiment, operation 
in this region is readily obtained with the specific embodi 
ment described and may also be obtained with variations 
in the geometry of the elements as well as variations in 
the external circuit arrangements. It is merely necessary 
to so design and so select the various elements and con 
ponents so that the voltage drop across the ion chamber 
decreases with increases in current through the ion cham 
ber. 

For repetitive results as a densitometer, the voltage 
source to the system or the current flow through the Sys 
tem must be made constant. The particular value of the 
voltage or current is unimportant provided that the volt 
age or current selected must be of a value at which the 
device operates in the so-called gas amplification region. 

Applicants have also found that the range of the illus 
trative embodiment may be varied by changes in the shape 
of the electrodes, the voltage used, the spacing of the 
electrodes and other changes in the components. By way 
of example, applicants have found that the lower altitude 
limit of the range may be extended downwardly by in 
creasing the volts per inch gradient between the elec 
trodes. This, by way of example, can be done either by 
increasing the voltage, or by moving the electrodes closer 
together, or by a combination of the two. Applicants 
have also learned that the upward limit of the range may 
be extended upwardly by increasing the spacing between 
the electrodes. 

Applicants have found it to be important to insulate 
the negative electrode rather than the positive electrode. 
If the positive electrode is insulated, sputtering from the 
negative electrode in time coats the insulator with a thin 
coating of metal and eventually causes the device first to 
become erratic and eventually inoperative. This result 
does not occur when the negative electrode is insulated. 
The source of alpha particles has been found to give 

the oscillator stability of operation at higher ranges of 
density. This is true because it supplies particles to the 
region between the electrodes and insures oscillation sta 
bility when the uncertainty of ionization of the particles 
in the atmosphere within the device would otherwise tend 
to create instability. 

Applicants have confirmed that the chamber operates 
in response to density rather than to pressure by hermeti 
cally sealing the chamber at a fixed pressure. The unit 
was then subjected to heat over a considerable range of 
temperatures while observing the frequencies of the out 
put. A considerable pressure change took place in the 
sealed unit due to changes in temperature but the density 
remained constant since the volume within the device did 
not change and gas molecules could neither enter nor 
leave the device. Throughout the tests there was essen 
tially no frequency change, thus proving the device to be 
a density device rather than a pressure device. 

Having thus described a selected embodiment of the 
invention, it will be apparent that numerous other objects 
and advantages may be obtained and that equivalents 
may be substituted for many of the specific elements dis 
closed. It is, therefore, to be understood that the specific 
disclosures herein are capable of numerous modifications 
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4. 
and changes without departing from the spirit and Scope 
of the invention, the invention being limited to and being 
defined in the appended claims. 

Having thus described our invention, what we claim 
as new and desire to secure by Letters Patent are: 

1. An oscillatory circuit comprising a gaseous dis 
charge device, including a housing, two electrodes within 
said housing, and means for subjecting the atmosphere 
within the device to an atmosphere exterior the device; ca 
pacitance means arranged in parallel with said electrodes; 
a constant voltage source of direct current connected to 
said electrodes; a resistance in series with said source of 
direct current and said electrodes; and means for measur 
ing the frequency of oscillation of said oscillatory circuit. 

2. A gaseous discharge device comprising a housing; a 
negative electrode within said housing being electrically 
insulated from said housing; a positive electrode within 
said housing being electrically connected to said housing; 
said negative electrode being constructed in the form of a 
polished metal sphere and said positive electrode being 
constructed in the form of a polished metal concave disk; 
and ionizing means for sustaining an ionized condition of 
the atmosphere within said gaseous discharge device. 

3. A gaseous discharge device comprising a housing: 
a negative electrode within said housing being electrically 
insulated from said housing; a positive electrode within 
said housing being electrically connected to said housing; 
said negative electrode being constructed in the form of 
a polished metal sphere and said positive electrode being 
constructed in the form of a polished metal concave disk; 
and ionizing means for sustaining an ionized condition of 
the atmosphere within said gaseous discharge device, said 
ionizing means comprising a source of alpha particles. 

4. A densitometer comprising an oscillatory circuit, in 
cluding the gaseous discharge device defined in claim 2. 

5. An altimeter comprising an oscillatory circuit, in 
cluding the gaseous discharge device defined in claim 2. 

6. A densitometer comprising an oscillatory circuit, in 
cluding the gaseous discharge device defined in claim 3. 

7. An altimeter comprising an oscillatory circuit, in 
cluding the gaseous discharge device defined in claim 3. 

8. An oscillatory circuit as defined in claim 1 wherein 
the constant voltage source is sufficient to operate said 
gaseous discharge device in the gas amplifying region. 

9. An oscillatory circuit comprising a gaseous dis 
charge device including a housing, two electrodes within 
said housing, and means for subjecting the atmosphere 
within the device to an atmosphere exterior the device; 
capacitance means arranged directly in parallel with said 
electrodes; a constant voltage source of direct current 
connected to said electrodes and a resistance in series with 
said electrodes; the component elements being selected 
and arranged so that the gaseous discharge device is op 
erable in the sub-normal glow region. 

10. An oscillatory circuit comprising a gaseous dis 
charge device including a housing, two electrodes within 
said housing, and means for subjecting the atmosphere 
within the device to an atmosphere exterior the device; 
a source of constant direct current connected to said elec 
trodes and a resistance in series with said electrodes; the 
component elements being selected and arranged so that 
the gaseous discharge device is operable in the sub-normal 
glow region. 

11. A densitometer for measuring the density of ex 
terior atmosphere comprising a gaseous discharge device, 
including a housing and two electrodes within said hous 
ing; capacitance means arranged in parallel with said elec 
trodes; a constant voltage source of direct current con 
nected to said electrodes; a resistance in series with said 
source of direct current and said electrodes; said elements 
forming an oscillatory circuit; means for subjecting the 
atmosphere within said gaseous discharge device to the at 
mosphere exterior the device, the density of which is to 
be measured; and means for measuring the frequency of 
oscillation of said oscillatory circuit whereby the density 
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of the atmosphere exterior the device is measured by the 
frequency of oscillation of said oscillatory circuit. 

12. An altimeter for measuring the density altitude of 
exterior atmosphere comprising a gaseous discharge de 
vice, including a housing and two electrodes within said 
housing; capacitance means arranged in parallel with said 
electrodes; a constant voltage source of direct current 
connected to said electrodes; a resistance in Series with 
said source of direct current and said electrodes; said 
elements forming an oscillatory circuit; means for Sub 
jecting the atmosphere within said gaseous discharge de 
vice to an atmosphere exterior the device, the density alti 
tude of which is to be measured; and means for measur 
ing the frequency of oscillation of said oscillatory circuit 
whereby the density altitude exterior the device is meas 
ured by the frequency of oscillation of said oscillatory 
circuit. 

13. An analogue to digital converter comprising a gase 
ous discharge device including a housing and two elec 
trodes within said housing; capacitance means arranged 
in parallel with said electrodes; a constant voltage source 
of direct current connected to said electrodes; a resistance 
in series with said source of direct current and said elec 
trodes; the component elements being selected and ar 
ranged so that the gaseous discharge device is operable in 
the sub-normal glow region and forming an oscillatory 
circuit wherein changes in current are measurable by 
changes in frequency; and means for subjecting the at 
mosphere within said gaseous discharge device to an at 
mosphere exterior the device. 

14. An analogue to digital converter comprising a 
gaseous discharge device including a housing and two 
electrodes within said housing; capacitance means ar 
ranged in parallel with said electrodes; a constant voltage 
source of direct current connected to said electrodes; a 
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resistance in series with said source of direct current and 
said electrodes; the component elements being selected 
and arranged so that the gaseous discharge device is op 
erable in the sub-normal glow region and forming an 
oscillatory circuit wherein changes in density are meas 
urable by changes in frequency; and means for subjecting 
the atmosphere within said gaseous discharge device to 
an atmosphere exterior the device. 

15. An analogue to digital converter comprising a gase 
ous discharge device including a housing and two elec 
trodes within said housing; a constant voltage source of 
direct current connected to said electrodes; a resistance in 
series with said source of direct current and said elec 
trodes; the component elements being selected and ar 
ranged so that the gaseous discharge device is operable 
in the sub-normal glow region and forming an oscillatory 
circuit wherein changes in density are measurable by 
changes in frequency; and means for Subjecting the at 
mosphere within said gaseous discharge device to an at 
mosphere exterior the device. 
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